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Shield comprises at least one AI layer and at least one Pb 
layer bonded to one or both sides , the Al having a total 
thickness of 10-100 ji and the Pb having a total thickness of 
at least twice the Al, the overall shield thickness being 50-400 
u. The sheets are fastened at one or both end portions, 
pref. both. 

USE 

For use with structures, pipes etc. as a shield for 
radioactive rays such as r-rays or X-rays. 

ADVANTAGE 

Shield has better strength and lighter weight than all-Pb 
shields. 
PREFERRED 

Pb purity is not below 99.5 wt.% and AI purity is not 
below 97 wt.%. 
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Sheets may be bonded with adhesives such as epoxies etc, 
and fasteners may be of e.g. stainless steel or Hi- galvanised 
brass. 

EXAMPLE 



25 u Al foil (purity not less than 99.7%) was bonded on 
each side to a 60 u layer of Pb of purity not below 99.3%. 
Twenty of the resulting sheets were then assembled together 
and fastened to form a shield of very high shielding efficiency 
(T-rays) and tensile strength 2.8 kg/15 mm width. 
( 14pp 1550RKNHD wgNoO/4) . 

(E) ISR: US2858451 US2928MS DE2063430 BE-523755. 
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@ Laminar radiation-shielding artide. 

@ A shielding article (2) assembled by piling a plurality of 
multilayer sheets and fastening ihe sheets at one or both end 
portions, the multilayer sheet comprising an aluminium 
layout (21) and a lead layer. {22) wherein the thickness of the 
aluminium layer, the lead layer and the multilayer sheet are 
10 to 100 pm, twice the aluminium layer and 50 to 400 um, 
respectively. The shielding article is useful for shielding 
radioactive rays or sound and has excellent mechanical 
properties and heat resistance. 
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SHIELDING ARTICLE 



The present invention relates to a shielding 
article, ana more particulary, to a shielding article 
used for shielding radioactive rays such as gamma ray and 
X-ray, sound, or the like. 

A shielding article assembled by piling a 
plurality of lead sheets has hitherto been proposed. 
Such a shielding article is used in a manner that the 
shielding article is hung down like a curtain or attached 
along a pipe or other structures. However, the shielding 
article has the following serious disadvantages. 

(1) When hanging the shielding article, -the 
shielding aticle is tore out due to the weight of itself, 
since, lead has a high specific gravity and a low 
mechanical strength. . . 

(2) When carrying and storing the shielding 
article or when repeatedly bending or folding the 
article, the lead sheet causes buckling, which leads to 
breakage and serious wrinkles of the lead sheet. 
Therefore, such a shielding article cannot be repeatedly 
used. 

An object of the present invention is to 
provide a shielding article which has no problem 
mentioned above and comprises multilayer sheets of an 
alminium layer and a lead layer having the particular 
structure, the multilayer sheets being piled and fastened 
at one or both end portions. 

The above and other objects and advantages of 
the present invention will become apparent from the 
following description. 

In accordance with the pr sent invention, there 
is provided a shielding article assembled by piling a 
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plurality of multilayer sheets .and fastening the piled 
sheets at one or both end portions thereof, the 
multilayer comprising at least one aluminium layer and at 
least one lead layer which being bonded to one or both 
sides of the aluminium layer, wherein the aluminium layer 
has a total thickness of 10 to 100 pm, the lead layer has 
a total thickness at least twice thicker than the 
aluminium layer, and the multilayer sheet hars a thickness 
of 50 to 400 ym. 

Fig. 1 is a sectional view showing ah 
embodiment of the shielding article of the present 
invention; 

Fig. 2 is a partially enlarged sectional view 
of a multilayer sheet used in the present invention; 

Fig. 3 is a sectional view showing the 
shielding article shown in Fig. 1 enveloped in a cloth 
bag? and 

Fig. 4 is a 'plan view of the shielding article 
shown in Fig. 3. 

In Fig. 1, a shielding article 1 has a 
plurality of multilayer sheets 2 and are assembled by 
piling the sheets 2 and by fastening the sheets 2 to each 
other at both end portions with fasteners 3, As shown in 
Fig. 2, the multilayer sheet 2 is formed by bonding lead 
layers 22, 22A to both sides of an aluminium layer 21. 

The aluminium layer is provided for obtaining 
an improved tensile strength and bending endurance of the 
multilayer sheet. Therefore, when hanging, the shielding 
article of the present invention can be prevented from 
being torn out due to the weight of itself. Further, 
even if the shielding article is repeatedly bended and 
folded, bucklings and serious wrinkles are hardly formed 
or not formed. Those advantages allow to use the article 
repeatedly for a long time. 

As the aluminium layer, there may be employed 
one or more aluminium foils or sheets made of a pure 
aluminium or an aluminium alloy. Examples of the pure 
aluminium are, for instance, an aluminium ingot having a 
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purit y of not less than 97 % (% by weight, her inafter 

th same) such as a virgin aluminium ingot of the fxrst. 

\ or the third class defined in JIS H 2102 
the second or the tnxra <,* 

7 t 9 C title, of th. aluminium alloy are. for 
Instant. »'.l-inl» alloy containing the other metal 
"■stance, a " 8 MO re , zn or Bn in an amount of 

element such - *^ ^ or sheet . the re are 

( „74>. an pIete rably aluminium foils 

dominium foil. «. jxta » alumlni<Jm layer 

"""I 4 If T oil a llmlnium foil of the pure aluminium 
1 hlCa puriuy - - - - " " P " UCUlarly ^ 
^multilayer sheet may induce two or more 
almi „ium layers. In sucTa case, each alnmihium layer 

!5 Stages cannot he obtaine , When t * t ^ss^ 
„ore than 100 urn. since aboTO . the le ad 

S: u^er. and thus sufficient shielding 

effect against the radioactive rays, sound, or the 

30 cannot be obtained. or a 

The lead layer may be mace or a p 
Tne lea j instance, 

r^frr ir in Puritysuch as s. 

35 briru::: sr/i, r^rr^ 

35 "particularly not less than 99 .* *• * U- alloy 
ha ,Lg a similar flexibility to the pure lead may be 
employed. For shielding -radioactive rays, it is 
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preferable to employ a lead alloy having a specific 
gravity of not less than 10. Examples of the lead alloy 
are, for instance, an alloy of lead with Cu, Fe, Zn, Ag # 
Sn, Sb, and the like in an amount of 0.5 to 50 %. 

The lead layer is provided for obtaining the 
shielding effect against the radioactive rays, sounds , or 
the like. The lead layer may be. bonded to one or both 
sides of the aluminium layer, and when two or more 
aluminium layers are employed, the lead layer may also be 
provided between the aluminium layers. The thickness of 
the lead layer or the total thickness of the layers must 
"be at least twice the thickness of the aluminium layer. 
When the thickness is less than twice the thickness of 
the aluminium layer, the desired shielding effect cannot 
be obtained. 

The multilayer sheet must be 50 to 400 urn, 
preferably 60 to 300 \im in thickness. When the thickness 
of the multilayer sheet is less than 50 put, it -is 
difficult to use repeatedly the shielding article, since 
serious wrinkles tend to be produced by bending or 
folding, even if the multilayer sheet has the aluminium 
layer. When the thickness is more than 400 pm, the 
multilayer sheet becomes too rigid. 

The lead layer is bonded* to the aluminium layer 
by pressing a lead foil or sheet to the aluminium layer, 
by adhering with an adhesive, by hot dipping, by 
electroplating, or the like. The aluminium layer may be 
subjected to pre-treatment such as zincate treatment, 
metal galvanizing treatment, or both treatments prior to 
the bonding. 

In case of the hot dipping, the lead alloy is 
preferably employed, since the lead alloy is generally / 
better than the pure lead in an affinity or an adhesive / 
property to aluminium. ' 

In case of the pressing or adhering, the pure 
lead or the lead alloy may be employed. However, the 
pure lead is more preferably employed, since the pure 
lead is generally better than the lead alloy in 
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fjexibility and density -density of the pure lead is 
K !h.r then that of the lead alloy, and therefore the 
h ldino effect against the redioaotive reys is better,, 
t ellrly lt 1. preferable in industriel use that the 

v £ i £r^ u — 4 *• the aiuBinim foii with the 

— " LT.tr aTorganic adhesive or an 

inorcanic adhesive cen be employed. Examples of the 
tc adhesive ere, for instance, urethene adhesives. 
10 rrc^-t aUic.adbesives. acrylonitrUe^utediene 
" Ilsives, eposy adhesives. and the 1*. <* 
the inorganic adhesive ere, for "* UCate 
adhesives, phosphate adhesives, and the like. 

In the shielding article of the present 
. .-™ the Multilayer sheet Bey comprise two or more / 
" ZZ r C^nd two or more lead layer. ..mentioned ( 
above. In such a case - ^^{^^ 

- - ^ — rSS^T: -ugb-thm 

v ^ e •> are fastened to each other with 
piled multilayer sheets 2 are fastene mllltilaver 
, ,4- the both end portions, the multilayer 
ZZZZ -l".d at one end portion. The piled 
sneers * tightly secured or may be 

25 multilayer sheets may t» tign 
looselv fastened to each other. 

As the materiel of the fastener, there can be 
i hr«s aalvanized with Hi, iron 
OTpl oyed reinless stee ,^ , teel 

or aluminium, and the Use. rai , 
,o or brass galvanised with »i is preferably employe^ 
30 or g & uy of Bultilajer she .t, 2 may be 

enveloped in a cloth ha, «, as shown in Pigs 3 and 4 

Is this embodiment, the multilayer sheets 2 are fastened 

to each other and also to the cloth bag 4 with the 

« fasteners 3 at both end portions. 

«hen the shielding article of the present 

invention is used for shi Iding the radioactive rays, the 
o i g 2 has preferably not only a resistance egainst 
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radioactive rays but also a water tightness, because 
radioactiv dusts deposited to the cloth bag 4 must be 
washed away with water. It is particularly preferable to 
make the cloth bag completely water tight by treating the 
all surfaces of the bag (including the seams) with a 
water proof agent for preventing water from passing 
through the cloth. Examples of the water tight cloth 
are, for instance, a glass cloth coated with silicone 
rubber, and the like. Exattples of the water proof agent 
are, for instance, one 'component silicone rubbers of a 
condensation <deoxime type, deacid type, dealcohol type, 
or the like) polymerization type or an addition 
polymerization type, two component silicone rubbers such 
as a cure type with a peroxide. 

The multilayer sheet is preferably 100 to 1,000 
mm in width and 500 to 2,000 mm in length, and more 
preferably 200 to 500 mm in width and 800 to_l,500 mm m 

len9th * The shielding article of the present invention 
comprises a plurality of the multilayer sheets. The 
number of multilayer sheets is optionally selected 
depending on the conditions to be shielded. For 
shielding the radioactive sources, a sufficient shielding 
effect can be obtained in general by piling the 
multilayer sheets so as to be not less than about 2 mm m 
total lead thickness, e.g. piling 10 to 40 sheets of the 

multilayer sheets. 

Since the maltilayer sheet in the present 
invention substantially comprises metal layers, the sheet 
also has an excellent heat resistance. Therefore, the 
shielding article of the present invention can be always 
put on or bung down near a harmful source of a high 

temperature. 

The present invention is mor specifically 
described and explained by means of the following 
Examples. It is to be understood that the present 
invention is not limited. to those Examples and various 
changes and modifications may be made to the present 
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invention without departing from the spirit and scope 
thereof. 

Examples 1 to 2 
An aluminium foil (purity: not less than 99.7 
%, AIN30B-0 defined in JIS H 4160 (1974)) having a 
thickness shown in Table 1 was subjected to zincate 
treatment and Cu-galvanizing treatment. The pre-treated 
aluminium foil was dipped -into a molten lead alloy with 
Sn (Pb : Sn « 90 : 10 by weight), and then coated with 
the lead alloy having a thickness shown in Table 1 to 
prepare a multilayer sheet according to the present 
invention. 

Twenty of the multilayer sheets (width: 20 cm, 
length: 60 cm) were enveloped in a cloth bag prepared 
with a glass choth coated with silicone rubber, and then 
fastened with a fastener to -give th^ shielding article of 
the present invention as shown in Pigs. 3 and 4. 

Examples 3 to 5 - - - 

A pure lead sheet (purity: not less than 99.8 
%, the 4th class pig lead defined in JIS H 2105 (1955)) 
having a thickness shown in Table 1 was adhered to both 
sides of an aluminium foil (purity: not less than 99.3 % f 
A1N30H-Q defined in JIS H 4160 (1974)) having a thickness 
shown in Table 1 by using a thermosetting polyur ethane 
adhesive to prepare a multilayer sheet according to the 
present invention. 

Twenty of the multilayer sheets (width: 20 cm r 
length: 60 cm) were enveloped in a cloth bag prepared 
with a glass cloth coated with silicone rubber, and then 
fastened with a fastener to give the shielding article of 
the present invention as shown in Figs. 3 and 4. 

Comparative Example 1 
The procedures in Example 1 were repeated 
except that an aluminium foil having a thickness of 30 ym 
was emDloved to oreoare a comoarative multilaver sheet 
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having a lead alloy layer of 10 um in thickness on each 

side of the aluminium foil. By employing twenty of the 
sheets , a comparative shielding article was assembled in 
the same manner as in Example 1. 

Comparative Example 2 
The procedures in Example 3 were repeated 
except that an aluminium foil having a thickness of 8 um 
was employed to prepare a comparative multilayer sheet 
having a lead alloy layer of 40 ym in thickness on each 
side of the aluminium foil. By employing -twenty of the 
sheets, a comparative shielding article was assembled in 
-the same manner as in Example 3. 

Comparative Example 3 

Twenty pure lead foils having a thickness of 60 
ym were enveloped in a cloth bag in the same manner as in 
Example 1 to give a comparative shielding article. 

With respect *to the shielding articles, folding 
endurance, shielding effect and tensile strength were 
measured according to the following tests. The results 
are shown in Table 1. 

Folding endurance 

The article to be tested was subjected to the 
fold-extension operation 50 times, and then the surface 
apperance of the article was observed with naked eyes. 
In Table 1, O and X show the following apperances. 

0: No breakage 

X s Partially broken 

Shielding effect 

Radiation dose of gamma ray penetrating through 
a shielding article from a radiation source was measured. 
Each shielding effect of .the articles was estimated as an 
index on the basis of the index (100) which corresponds 
to the radiation dose determined by employing. a pure lead 
sheet (purity j not less than 99.8 %, the 4th class 
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defined in JIS H 2105 (1955)) having a Thickness of 2 mm. 

Tensile strength 

According to the procedures defined in JIS C 
2318 (1972)/ tension test was conducted at a tension rate 
of 10 mm/min* 
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WHAT IS CLAIMED IS: 

1. A shielding article asserobl d by piling a 
plurality of multilayer sheets and fastening the piled 
sheets at one or both end portions thereof , said 
multilayer comprising at least one aluminium layer and at 
least one lead layer which being bonded to one or both 
sides of the aluminium layer, wherein said aluminium 
layer has a total thickness of 10 to 100 um, said lead 
layer has a total thickness at least twice thicker than 
the aluminium layer, and said multilayer sheet has a 
thickness of 50 to 400 pm. 

2. The shielding article of Claim l f wherein 
the piled multilayer sheets are fastened at both end 
portions • 

3. The shielding article of Claim l r wherein 
the lead layer is made of~read having a purity of not 
less than 99*5 % by weight. 



4, The shielding article of- Claim 1, wherein 
the aluminium is made of aluminium having a purity of not 
less than 97 % by weight. 
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